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FOREWORD 
The work described  herein was conducted at the Materials Research 
Corporation,  under NASA Contract NASS-10659 with John C. Sturman,  In- 
struments and  Computing Division, as  Project Manager. 
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I. INTRODUCTION 
The achievement of s t ab le  melts of aluminum n i t r i d e  would 
permit the appl ica t ion  of donventional melt growth techniques to 
the  s ing le  c rys ta l  p repara t ion  of this substance. This is of 
considerable  interest  because of the high temperature semi-con- 
duct ing propert ies  of  this  mater ia l .  On t h i s  b a s i s ,  a series of 
experimental  studies was undertaken to  evaluate  the melt ing 
behavior of A1N and, i n  p a r t i c u l a r ,  t o  determine i f  pressures 
< 200 atmospheres are sufficient t o  suppress the decomposition o f  
this  m a t e r i a l  a t  i t s  melting point. Because the melting tempera- 
ture  of  aluminum n i t r i d e  i s  not known, th i s  s tudy  also involved 
the determination of this temperature. 
Two approaches were used i n  an attempt to  achieve the above 
object ives .  Firstly, a crucible molting operation was undertaken 
us ing  res i s t ive ly  hea ted  crucibles. Secondly,  an arc  mel t ing 
operation was ca r r i ed   ou t  on a cooled copper hearth in an effort 
t o  achieve uncontaminated melts of the aluminum n i t r i d e .  As w i l l  
become apparent,  the crucible melting operation permitted the 
achievement of pressure  s tab i l ized  melts. However, a l l  the 
c ruc ib le  mater ia l s  examined (graphite, tungsten and rhenium) 
reacted with the molten aluminum ni t r ide ,  thereby  
accurate determination of the melting point .  The 
preventing an . 
arc melting 
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operation, on the other hand, d i d  not permit the achievement of 
s tabi l ized  melts because of the  d i f f i cu l ty  i n  achieving low power 
density arcs at the high pressures needed to s t a b i l i z e  the 
aluminum n i t r i d e  melts. 
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If. HIGH TEMPERATZtRE THJXMOCHEMICAL CALCULATIONS 
The successful melting of aluminum n i t r i d e  depends upon 
the suppression of the decomp2sition reaction which prevents 
the achievement of a chemically stable melt. A compilation 
of t he  thermochemical data regarding aluminum n i t r i d e  i s  given 
i n  Tables I and 11. These values  are  extracted from the  JANAF 
thermochemical tables (1). From these data  and other experimental  
results (2 ,3,4) ,  there  i s  l i t t l e  doubt t h a t  aluminum n i t r i d e  
decomposes by the react ion 
A1N ( so l id )  ---> 1/2 N2 + A 1  (gas) .  I 
"he attached thermochemical t ab le s  therefore supply the necessary 
information to  arr ive at  an est imate  of  the decomposi t ion pressure 
of this material. This decomposition pressure can be calculated 
from the thermodynamic re la t ionship :  
~ F O  = (sum of product free energies)  -(sum of reac- 
t a n t  free energies)  
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for a reac t ion  of the above type in  which a pure solid or l i q u i d  
substance decomposes i n t o  two gaseous species, the equilibrium 
constant has the most general  form 
R =  
where f i s  the  fugaci ty   of   ni t rogen  a t   the   given  pressure:  
* 
N2 
f 0  i s  the   fugac i ty   o f   n i t rogen   in   the   s tandard   s ta te ,  
N2 
.I( 
f A 1  and fil are the corresponding fugaci t ies  for the aluminum vapor; 
it 
A ~ l ~  and are the  ac t iv i t i e s  o f  t he  pu re  aluminum n i t r i d e  a t  the corresponding given and 
s tandard  s ta tes .  
In  the par t icular  case here  under  considerat ion,  none of the  
cons t i tuents  are in  the i r  s t anda rd  s t a t e s ,  which are defined as:  
(1) For the s o l i d  - the pure substance a t  one  atmosphere 
pressure.  (Ao = I i n  t h i s  s t a t e  . ) 
( 2 )  For the  gases - the  pure  gas a t  u n i t  f u g a c i t y ;  f o r  
an i d e a l  gas the fugac i ty  i s  uni ty  when the pressure 
i s  1 atmosphere, and the fugacity is  numerically equal 
t o  the gas partial  pressure (in atmospheres) a t   a l l  
pressure s . 
However, standard free energy values permit the calculation of 
equilibrium values of K and, hence, the decomposition pressure, 
4 
I 
for any s ta te  provided that the appropriate fugacity and a c t i v i t i e s  
can be determined. 
On this basis ,  i f  one assumes t h a t  the aluminum and nitrogen 
vapors behave idea l ly  ( r eca l l i ng  tha t  f o  = 1 atm,  and 
N2 
fi1 = Pi l  = 1 atm), then K of Equation 2 becomes 
where P and PA1 are the respective nitrogen and aluminum 
N2 pressures i n  atmospheres. 
The assumption of ideal behavior for nitrogen gas under these 
experimental conditions (high temperatures and gas pressures) 
i s  reasonable. The r a t i o  of fugac i ty  to  pressure for  n i t rogen  
is  .967 a t  100 atmospheres and .971 a t  200 atmospheres, and 
273'K ( 5 ) .  Thus, even a t  room temperature, t h i s  r a t i o  i s  very 
close to  uni ty  which corresponds to ideal behavior. A t  the high 
temperatures here under consideration, the departure of this 
r a t i o  from unity  should be negligible,  Similarly,  the aluminum 
vapor should behave i n  an i d e a l  f a s h i o n  a t  the high temperatures 
here under consideration. 
Finally,  it can be s t a t ed  tha t  the ac t iv i ty  o f  the pure A1N 
is vi r tua l ly  equal  to  u n i t y  a t  the pressures used here. This may 
be seen from the fact that  the activity of a pure substance varies 
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with the 
where V i 
pressul- according to the equation 
- dF = RT - - dlna 
dP  dP - v  
s the  molar volume of the  substance. 
The in tegra t ion  of this  equation requires a functional expression 
r e l a t ing  the  molar volume t o  the pressure.  This i s  obtained from 
the  equation 
e = -2- V (*) T 
where @ i s  the isothermal Compressibility of the  aluminum 
n i t r i d e .  
On th i s  basis, Equation 3 may be in tegra ted  between the standard 
pressure (1 atm)  and the ac tua l  pressure (200 atm) to  a r r i v e  a t  
an expression for  the act ivi ty  a t  th is  pressure.  Thus 
lna (200 atm) 
- " 
RT Q 
- ('20 atm - v1 a t m  ( 6 )  
Now most so l id s  have isothermal compressibil i ty values equal to 
approximately  10 c m  /dyne.  Using this value  and  an  atmos- 
pheric molar volume of 1 2 . 8  c m  , then gives a t  3000OK 3 
-12 2 
lna  ( a t  200 a t m )  = -1.07 x loe2 
a ( a t  200 atm) = .999 
Thus a value of unity substi tuted into the denominator of Equa- 
t i o n  3 i s  j u s t i f i e d .  With the above substi tutions,   Equation 3 
becomes 
K = ( P  ) 1/2 
P *2 (PA1) 
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using this da ta  and  fu r the r  r eca l l i ng  tha t  if the vapors behave 
i n  an idea l  manner 
P = 1/2 PA1 
N2 
(8 1 
then permits the calculation of the equilibrium nitrogen pressure 
over solid A1N a t  different temperatures.  I t  is fur ther  noted 
t h a t   t h i s  i s  also the equilibrium vapor pressure over l iquid A1N 
a t  i t s  melting point. Equations 7 and 8 used i n  conjunction w i t h  
Table I then give the desired decomposition pressure values. It 
is noted that the values in Table I r e l a t e  t o  the formation of 
A 1 N  which i s  the reveree of reaction I. Thus, the  f igures  on 
the  tab le  must be reversed in  s ign to  give the proper calculated 
decomposition pressures. The resu l t s  of  these  ca lcu la t ions  a re  
given  in  Figure 1 which i s  a p l o t  of log P vs 1/T. The 
extrapolat ion of t h i s  da t a  to  3273OK gives a decomposition 
pressure of 10 atm nitrogen a t  t h i s  temperature. The t o t a l  de- 
N2 
composition pressure i s  therefore  approximately thir ty  atmos- 
pheres on this bas i s .  
Using the tabulated values of K and an extrapolated value 
P 
of K = 1.801 a t  3273OK, then permits the calculation of the 
aluminum vapor pressure a t  a nitrogen pressure of 100 atm (a 
va lue  typ ica l ly  appl ied  in  the experimental program). Such a 
calculat ion then gives  aluminum vapor pressures  of .65 and 6.3 
atm a t  respec t ive  tempera tures  of 3000'K and 3273'K. 
P 
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From these calculations it would appear that  aluminum 
ni tr ide  can be s tabi l ized  in  the  environmental conditions 
supplied by the high pressure furnace used i n  these studies .  
As shal l  be described, this furnace was capable of providing 
temperatures up t o  30OO0C a t  a maximum pressure of 200 atmos- 
pheres. 
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111. APPARATUS AND EXPERIMENTAL PROCEDURE 
A. Meltinq Apparatus 
A l l  the melting attempts were ca r r i ed  o u t  i n  an autoclave 
designed to contain a gas pressure of 200 atmospheres. The gas 
was supplied from commercially ava i l ab le  cy l inde r s  f i l l ed  to  
6000 p s i .  For the most par t ,  th i s  au toc lave  was pressurized 
wi th  e i t h e r  pu re  nitrogen, nitrogen-hydrogen, or nitrogen-argon 
gas mixtures. The autoclave was equipped with a water-cooled 
coaxial  power feed-through which served to supply R F  power f o r  
the crucible melting operations,  and DC power for  the arc  mel t ing 
operations.  I n  addition,  another  feed-through was supplied 
through which mechanical motion o r   a d d i t i o n a l   e l e c t r i c a l  power 
could be supplied. Finally, the autoclave was equipped with a 
fused quartz window to permit  visual  observat ion of  the melt ing 
operation as well  as temperature measurement. A view  of the 
autoclave i s  given i n  Figure 2, showing the window posi t ion.  I t  
i s  noted that  the central  port ion of  the autoclave was water 
cooled to prevent overheating from the pronounced convective 
hea t  t r ans fe r  which occurred a t  these pressures.  
The crucible melting operations were car r ied  out  by means of 
a dual element furnace which was mounted d i r e c t l y   t o  one end 
plate of the autoclave. This furnace consisted of an inductively 
heated graphite sleeve within which a res i s t ive ly  hea ted  f i lament  
10 
Figure 2 
Autoclave Used i n  Aluminum N i t r i d e  
Me 1 t i n g   s t u d i e s  
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w a s  contained. The melting w a s  accomplished by placing an 
aluminum ni t r ide  charge  d i rec t ly  i n  contact with the fi lament 
which served to both melt and contain the charge. Filaments of 
tungsten, rhenium and graphi te  were u t i l i z e d  i n  t h i s  s t u d y .  
The dual element furnace w a s  insulated with zirconia  to  prevent  
excessive heat losses from the inductively heated graphite sleeve.  
I n  addition, a p o r t  was provided through both the insulation and 
the graphi te  s leeve such tha t  the  f i lament  could  be viewed 
directly through the autoclave window. A general  scheme of 
the furnace arrangement i s  given i n  Figure 3,  while Figure 4 
shows the furnace removed from the autoclave.  Also v i s i b l e  i s  
the coaxial  power feed-through and the auxi l iary f i lament  power 
feed-through. 
I n  p rac t ice ,  th i s  furnacz  was capable of reaching graphite 
sleeve temperatures of 20OO0C using a 15 KW output Lepel RF 
generator. Filament temperatures up t o  290OOC were achieved 
with an aux i l i a ry  9 KW AC supply. 
The arc melting operation was accomplished by modifying 
the end cap of  the autoclave ini t ia l ly  used for  res is tance 
furnace mounting. 
The coaxial feed-through was a l t e r e d  by at taching a tungsten 
"stinger" cathode i n  place of the R F  coi l .  This s t inge r  was 
made suf f ic ien t ly  long  such t h a t  i t s  t i p  w a s  visible through the 
1 2  
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Aluminum Nitr ide  Melting Furnace 
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autoclave window. The autoclave was then mounted i n  a v e r t i c a l  
pos i t ion  and a water-cooled copper  hearth  posit ioned  directly 
below the stdnger. Thus, both hearth and s t inge r  t i p  cou ld  be 
viewed during operakion. The copper hearth w a s  mounted from an 
autoclave feed-through whic5 permitted its rotat ion about  an axis  
p a r a l l e l   t o  the s t inger  ax is ,  bu t  was not  coaxial  w i t h  the s t inger .  
Thus, the hear th  surface could be made to  move i n  a plane perpsn- 
d i cu la r  t o  the s t inger  axis,  thereby permitt ing the i n i t i a l  
s t r i k ing  of the a r c  and i t s  5ransference to  a pos i t ion  on the 
hear th  where the aluminum ni t r ide charge was located. The 
re la t ive  pos i t ion  of hear th ,  s t inger  and ro t a t ion  ax i s  are de- 
picted i n  Figure 5 .  I n  pract ice ,  the aluminum n i t r i d e  charge 
was placed within a hearth depression and an arc was s t ruck  
by making contact between th.6 s t i nge r  and a tungs ten  striker 
mounted i n  the hearth (see Figure 5 ) .  This arc was then t rans-  
ferred t o  the hearth and moved t o  the hearth depression where 
the aluminum n i t r i d e  charge was located. 
B. Specimen Preparation and Evaluation Methods 
The aluminum n i t r i d e  used i n  this study was Cerac Grade 1454 
powder (-200 mesh) which typica l ly  conta ins  0.1% carbon a s  the  
primarg impurity aside from unreacted aluminum metal. X-ray 
d i f f r ac t ion  ana lys i s  of this material  showed only the typica l  
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aluminum nitride diffraction spectrum. The test  specimens w e r e  
formed from t h i s   m a t e r i a l  by pressing one-gram portions of the  
powder i n  a 3/8" diameter steel die at a pressure of 15,000 ps i .  
The r e s u l t i n g  p e l l e t s  were approximately 3/8" high with a r e l a t i v e  
density of 75% of theore t ica l .  
Throughout this study uncorrected pyrometer measurements 
w e r e  primarily used to determhe the temperature. These results 
wsre ca l ib ra t ed  in  one icetance by the use  of a e u t e c t i c  a l l o y  
of krrown melting point. Post-melt evaluation was accomplished 
by means of X-ray diffractometry, metallography 2nd visu.al in- 
spection. 
17 
I V .  RESULTS 
A. Resistance MeLtins  on  Tunqsten  Filaments 
~ l l  attempts t o  melt aluminum ni t r ide  us ing  tungs ten  
fi laments were terminated by failure of the f i lament  a t  the 
po in t  of contac t  w i t h  the aluminum n i t r i d e  pellet. The maximum 
temperature, as measured by optical pyrometer (uncorrected) , 
ranged from 226OOC to  2340°C. 
Figure 6 shows a tungsten filament and the bottom of the 
aluminum n i t r i d e  pellet af ter  a run. A piece of tungsten f i la-  
ment became fused tm the p e l l e t ,  and the pellet surface i s  
covered with a black, g lassy  material. A t t e m p t s  t o  i d e n t i f y  
the residue from the tungsten filaments have been unsuccessful, 
on ly  tungs ten  be ing  def in i te ly  ident i f ied  (Table I V ) .  
B. Resistance  Meltinq Usinq Rhenium Filaments 
The attempts to melt aluminum n i t r i d e  on rhenium filaments 
were terminated by filament melting a t  t he   po in t  of contac t  w i t h  
the aluminum n i t r i d e  a t  temperatures of approximately 270OOC 
(optical pyrometer  measurements). A temperature calibration of 
274OOC was estimated by the formation of a molten tantalum-rhenium 
e u t e c t i c   a l l o y  drop prepared by placing a piece of tantalum on 
the rhenium filament. The rhenium f a i l u r e s  appeared similar to  
the tungs ten  fa i lures  (see Figure 7 ) .  A black, glassy deposi t  
was formed a t  the molten edge of the rhenium, and the alumimrm 
n i t r i d e   p e l l e t  did no t  melt. 
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Figure 6 
Tungsten Filament w i t h  A1N Pellet 
After Melting A t t e m p t  
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Figure 7 
Rhenium  Filament w i t h  R e s i d u e  
After A1N Melting A t t e m p t  
2 0  
X-ray d i f f r ac t ion  ana lys i s  of the residue from the rhenium 
filaments showed only weak peaks associated w i t h  aluminum n i t r i d e  
and w i t h  rhenium (Table V) . 
C. Resistance Melt-ins on .Graphite  Filaments 
TWO v a r i e t i e s  of graphi te  f i lament  were u t i l i z e d   i n  an 
attempt t o  melt aluminum n i t r i d e .  These consis ted of f l a t  graphi te  
strip filaments and fi laments made from graphi te  tubes with a 
small r a d i a l  viewing hole t o  permit melt inspection. The graphi te  
w a s  the most i n e r t  i n  the presence of aluminum n i t r i d e  of a l l  
the  mater ia ls  tes ted.  
Using the f l a t  f i l a m e n t ,  a maximum temperature of 275OOC was 
achieved. A t  this temparature the alEminum n i t r i d e  sintered very 
rapidly,  exhibited considerable grain coarsening and showed 
rounding a t  sharp corners. The p e l l e t  had the overall appearance 
of having been r a i s e d  c l o s e  t o  its melting point. An X-ray 
d i f f r ac t ion  ana lys i s  of the  r e su l t i ng  specimen showed no contam- 
ina t ion  of the aluminum ni t r ide (Table  V I )  . 
Using the graphite tube fi laments,  melting attempts were 
made a t  260OOC and 280OOC a t  ni t rogen pressures  between 1500 psi 
and 3000 p s i .  The melting attempt a t  260OOC and 1500 psi  d id  
not  yield melt ing but  the at tempts  a t  280OOC with nitrogen 
pressures  of 1500 psi and 3000 psi both yielded boules which 
w e r e  porous and had obviously melted. Figure 8 shows a typical 
21 
Figure 8 
Section of Graphite  Filament 
Containing  Aluminum  Nitride  Boule 
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melted boule. The or iginal  charge,  consis t ing of the pressed 
pellets,  adhered and conformed to  the contour of the fi lament.  
Several voids were observed which were unmistakably bubbles a t  
the fi lament-melt  interface,  The melted boules were black and 
mixed with graphite.  Although they were brittle, individual  
c rys ta l l i t es  wi th in  the  boule  were qu i t e  sof t  and easi ly  scratched.  
Once the melting point of the aluminum n i t r i d e  was reached, 
the  graphi te  f i laments  de te r iora ted  very  rap id ly ,  fa i l ing  wi th in  
five minutes. The fa i lu re  occur red  a t  t he  a rea  of contact with 
the aluminum n i t r i d e .  
X-ray d i f f r ac t ion  ana lys i s  of runs in  which melting d i d  not 
occur (Tables V I 1  and V I I I ) ,  showed only  s l igh t  graphi te  contam- 
ina t ion  a s  shown by the very weak graphite peaks, whereas runs 
(Tables I X  and X )  i n  which melting d i d  occur, were heavi ly  con- 
taminated by graphite, with graphite peaks more intense than the 
aluminum ni t r ide peaks.  One instance of aluminum carbide contam- 
ina t ion  was detected by X-ray d i f f r ac t ion .  This r e s u l t ,  however, 
could not be duplicated.  
D. A r c  Melting On a Copper Hearth 
Whereas apparent melt s tab i l iza t ion  could  be achieved with 
the resistance melting on graphite fi laments,  no such  s tab i l iza t ion  
could be achieved with the arc melting attempts, despite the  fact  
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that  stable arc could be a t t a ined  at a 1500 psi gas pressure.  
The major d i f f i c u l t y  w i t h  this process appeared t o  reside i n  the 
nature of the arc a t  the high pressures required for  compound 
s t a b i l i z a t i o n .  A t  these pressures  the impedance of the  arc was 
rather  high,  a minimum of 60-80 vol ts  being required t o  produce 
a s t ab le  a rc .  Furthermore, the diameter of the arc column became 
h i g h l y  c o n s t r i c t e d  a t  these pressures ,  resul t ing in  very high 
cur ren t  densi t ies .  Thus, despite rather low arc currents  of  50 
amperes, the arc current  densi ty  and temperature were very high. 
Because of t h i s ,  some d i f f i c u l t y  was encountered w i t h  electrode 
s t a b i l i t y .  The tungsten s t inger  w a s  frequently observed to 
undergo localized melting. A graph i t e  s t i nge r  w a s  also u t i l i z e d  
w i t h  a resul t ing rapid vaporizat ion of  the mater ia l .  
When such an a r c  made contac t  w i t h  the aluminum n i t r i d e ,  
only highly local ized heat ing of the material took place and 
t h i s  resu l ted  i n  rapid evaporation of the mater ia l  and i t s  
becoming deposited upon the inter ior  walls of the autoclave in  
the form of a very low densi ty ,  cot ton-l ike deposit. This evap- 
oration could be observed while tha arc melting attempt was i n  
progre s s . 
Two experimental approaches were undertaken t o  minimize the 
detrimental  effects of the high pressure arc cons t r ic t ion .  
F i r s t ly ,  the nitrogen gas was mixed w i t h  argon. The addi t ion  
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V. INTERPRETATION AND DISCUSSION 
A. Melt inq on Tunqsten  Filaments 
There is  considerable evidence that the aluminum n i t r i d e  
reacted with the tungsten filament. The fai lure  of  the tungsten 
f i l a m e n t s  a t  -23OOOC (which i s  approximately 1000°C below the 
tungsten melting point of 338OoC), most probably did not occur 
by localized melting of the filament as might occur a t  a higher 
temperature. Such failures can occur because of the much poorer 
thermal conductivity i n  that region of the filament covered by 
the aluminum n i t r i d e  specimen. However, the  appearance  of  the 
filament, as well  as the  fac t  that rhenium filaments (melting 
point 31OOOC) withstood temperatures of 2700"C, suggests very 
s t rongly  tha t  a chemical reaction occurred to result  i n  the 
f i lament  fa i lure .  The 'X-ray .d i f fkact ion t race indicates  the 
formation of a compound which has not been successfully identified; 
however, it i s  not a commonly occurring compound of tungs t en  such 
a s  a ni t r ide,  carbide,  a luminide or  oxide.  
There i s  fu r the r  doubt tha t  the  f i lament  fa i lure  occurred  
by some reaction with a const i tuent  or  impuri ty  of  the autoclave 
atmosphere. The regions of the filament not i n  contact with the 
aluminum n i t r i d e  were clean and did not show signs of reaction. 
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B. Meltinq  on Rhenium Filaments 
The r e s u l t s  of the melting attempts w i t h  rhenium were 
similar to those achieved with tungsten. The filaments have 
f a i l e d  a t  a temperature of 270OOC and a s imilar  res idue was 
formed i n  t h e s e  cases. Unfortunately,  insufficient residue was 
formed t o  permit any accurate X-ray d i f f r ac t ion  ana lys i s .  Thus, 
although no addi t iona l  compound  was detected, the appearance of 
the fai led f i lament  suggests  very s t rongly that  a react ion d id  
occur. 
The temperature of fi lament failure is es t imated  to  be 
270OOC by o p t i c a l  pyrometer  measurements. However, a t  these 
temperatures the measurement of temperature became ve ry  d i f f i cu l t  
because of the severe optical  distortions accompanying the heat ing 
a t  these high pressures. To ca l ib ra t e  t he  measurement, a small 
piece of tantalum was placed upon the fi lament and the solidi-  
f i c a t i o n  of the tantalum-rhenium eutectic droplet observed. The 
r e s u l t s  are i n  agreement with the pyrometer measurement, within 
the experimental error. 
I n  both the tungsten and the rhenium melting attempts, a 
100 atm s tab i l iza t ion  pressure  was u t i l i z e d .  A t  th i s  pressure ,  
no apparent aluminum ni t r ide evaporat ion w a s  evident  or observed 
by weight loss measurements. 
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C. Graphite  Filaments 
The graphite fi laments proved to be the most i n e r t   t o  chemical 
a t tack  by the aluminum n i t r ide .  The results of a run i n  which 
a t  a measured temperature of 275OOC and a nitrogen pressure of 
1500 p s i  t h e  aluminum n i t r i d e  p e l l e t  showed evidence of sagging 
and surface glazing, represent the closest approximation to the 
melting point of aluminum n i t r i d e  yet achieved. This temperature 
was determined by op t i ca l  pyrometry and was subject to  the  pre-  
viously mentioned errors induced by image d i s to r t ion .  
A t  this temperature and pressure the aluminum n i t r i d e  d id  
not show any evidence of decomposition, nor did it appreciably 
react with the graphite fi lament.  
A t  the higher temperatures achieved i n  the tubular graphite 
filaments, the actual viewing of the aluminum n i t r i d e  was not 
achieved, although a small  axial  hole was cu t  in to  the  f i lament  
f o r  this purpose. However, there i s  l i t t l e  doubt that molten 
A1N d i d  e x i s t   f o r  a short  time period within the filament as 
evidenced by the coalescence of the original pellet  charge into 
a single boule conforming to the filament contour. The temperature 
a t  which this process occurred was estimated to be i n  excess of 
280OOC based upon power VS. temperature data extrapolated from 
lower temperatures. A t  the  point  where the melting took place, 
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the filament could not be distinguished from i ts  lower temperature 
surroundings because of the severe convection cu r ren t s  which 
ac ted  to  d is tor t  the  f i lament  image. However, the melting power 
was well-known because of the rapid fi lament failure which occurred. 
Slightly lower power se t t i ngs  d id  no t  r e su l t  i n  f i l amen t  f a i lu re ,  
nor did the aluminum ni t r ide charge exhibi t  mel t ing.  
The porosity of the aluminum n i t r i d e ,  a s  w e l l .  a s  the d i s t i n c t  
evidence of graphite contamination, indicates that  some vigorous 
ag i t a t ion  of the m e l t  occurred a t  high temperatures. I t  appears 
tha t  the  ag i ta t ion  of the charge was the r e s u l t  of the chemical 
reaction which resul ted i n  the  fa i lure  of the filament. Some 
evidence of aluminum carbide formation was apparent from one 
melting  attempt  (see  Table I X )  . However, t h i s  result could not 
be reproduced. I t  i s  not  bel ieved that  the boule porosity resulted 
from a vigorous decomposition of the aluminum nitride because an 
increase in .pressure from 1500 p s i   t o  3000 p s i  d id  not have any 
e f f e c t  upon t h i s  observed porosity. However, i n  view of  the fact  
tha t  the  aluminum n i t r i d e  melt could not be directly observed, 
this supposition i s  open to  question. 
D. A r c  Melting  Results 
There i s  l i t t l e  doubt  that  par t  of the  d i f f icu l ty  assoc ia ted  
with the arc melting attempts can be a t t r ibu ted  to  the  h igh  a rc  
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resul ts  in  very high surface temperatures  on the aluminum n i t r i d e .  
Thus, a considerably higher decomposition pressure results in  the  
f a c t  t h a t  a given s tabi l izat ion pressure i s  no longer  suf f ic ien t  
t o  s t a b i l i z e  t h e  melt. 
I t  i s  not believed, however, that  this  a lone can account  for  
the observed resul ts  because,  i f  this  were t rue ,  one would expect 
some localized sign of melting due to  the  f ac t  t ha t  t he  h igh  decom- 
pos i t ion  ra te  must come from  a m e l t .  N o  good evidence for any 
trace of melting could be observed. Thus, it appears  that  there  
i s  an apparent contradiction between the filament melting and 
the arc melting results.  This contradiction can be explained 
upon the basis  of  the fact  that  the successful  mel t ing i n  the 
tubular graphite grid involved a s i t ua t ion  i n  which the molten 
aluminum n i t r i d e  w a s  surrounded by i t s  decomposition species i n  
a confined space such tha t  a l l  r eac t ion  cons t i t uen t s  a re  subs t an -  
t i a l l y  a t  t h e  same temperature. Thus, equilibrium  conditions 
preva i l  and the s tabi l ized melt  i s  achieved. With arc melting, 
on the other hand, the melt i s  surrounded by g a s e s  a t  a much lower 
temperature and thus the aluminum and nitrogen vapor 'species re- 
combine t o  form so l id  aluminum ni t r ide ,  wi th  the  result  t h a t  
equilibrium i s  never  achieved.  Instead, a s i t u a t i o n  e x i s t s  f o r  
t h e  d i s t i l l a t i o n  of aluminum n i t r i d e  away from the region of 
intense heat ing.  This  dis t i l la t ion can be very rapid because 
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f i r s t l y  t h e  decomposition  pressures  are  high;  hence,  effusion 
from the hot region i s  rapid. Secondly, the massive convection 
currents  present  act  to  rapidly carry the decomposi t ion products  
from the hot region. The d i s t i l l a t i o n  i s  accompanied  by  a hea t  
sublimation loss from the hot region. Thus, a large heat  input  
to  the hot  aluminum w i l l  r e s u l t  i n  r a p i d  d i s t i l l a t i o n .  The hea t  
of  subl imat ion losses  can then be suff ic ient  to  effect ively 
prevent localized melting. 
If this  explanat ion of the arc melting process i s  cor rec t ,  
then a proper application of a submerged a rc  mel t ing  operation 
could  give  melting.  Unfortunately,  the  experimental  set-up was 
designed primarily for cold hearth melting and not  for  submerged 
arc melting, thereby preventing the achievement of a s t ab le  
submerged a r c ,  
The author recently became aware of an improved submerged 
arc melting process which may be appl icable  to  the mel t ing  of 
aluminum n i t r i d e  ( 6 ) .  With t h i s  method,  a pair  of carbon elec- 
trodes enters a bed  of the mater ia l  to  be melted. A current  i s  
passed through the electrodes ( i n  contact)  to achieve high local-  
ized heating and p a r t i a l  mel t ing .  The electrodes are then sep- 
arated and a small molten pool i s  formed which is contained 
wi th in  sol id  mater ia l  of  the same composition. The arrangement 
of electrodes and melt i s  depicted i n  Figure 9. From the f igure 
I 
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CAKRON ELECTRODES 
CRUST 
VOID 
Possible A r r a n g e m e n t  for S u b m e r g e d  A r c  
Melting of A l u m i n u m  N i t r i d e  
Figure 9 
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it i s  seen that the material i s  confined within a small void 
which permits  the  attainment of equilibrium, Furthermore, the 
arc i s  transferred to the m e l t  which i s  heated in part  by Joule 
heating. Magnesium oxide has been melted successful ly  by this 
method w i t h  very l i t t l e  evidence of carbon contamination. 
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VI. CONCLUSION 
On the basis of the foregoing, it is concluded that aluminum 
ni t r ide  cannot  be melted i n  contact with graphite,  tungsten o r  
rhenium. I t  is  estimated, however, that  chemical ly  s table  mel ts  
of aluminum n i t r i d e  can be achieved. The estimate of the melting 
point  is d i f f i c u l t  because of the presence of a chemical reaction 
between the aluminum n i t r i d e  and i t s  candidate crucible materials.  
However, the material does appear to m e l t  within the limits of 
the 2750O-2850OC temperature range. 
I t  may be fu r the r  concluded t h a t  a nitrogen atmosphere a t  
a pressure of 1500 p s i  i s  sufficient to suppress decomposition. 
This estimate,  however, i s  subject t o  some question because of 
the presence of the chemical reaction. 
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TABLE I 
Aluminum N i t r i d e  ( A I N )  
( C r y s t a l )  M o l .  Wt. = 40.988 
T, OK. 
100 
0 
200 
298 
300 
400 
500 
600 
800 
700 
900 
1000 
1200 
1100 
1300 
1500 
1400 
1600 
1700 
1800 
1900 
2000 
2100 
2300 
2200 
2400 
2 500 
2600 
c: 
1.360 
.000 
4.613 
7.201 
8.700 
7.225 
9.701 
10.915 
10.439 
11.255 
11.495 
11.660 
11.769 
11.836 
11.876 
11.923 
l l .Y01 
12.000 
11.955 
12.035 
12.023 
12.065 
12.115 
12.092 
12.135 
12.152 
12.165 
.000 
2.455 
- 5 1 9  
4.816 
4.861 
9.210 
7.155 
11.048 
12.696 
14.177 
15.518 
16.738 
17.855 
18.882 
19.831 
20.712 
21.534 
22.3Cl4 
23.030 
23.717 
24.367 
24.985 
25.575 
26.138 
26.617 
27.1Y4 
27 .690  
INFINITE 
9.388 
5.399 
4.816 
4.816 
5.119 
5.736 
6.471 
7.245 
8.020 
8.780 
3.516 
10.224 
10.903 
11.554 
12.774 
12.177 
13.345 
13.894 
14.421 
14.927 
15.415 
15.885 
16.776 
16.338 
17.199 
17.609 
- .925 - 74.795 - -887 - 75.2V5 - -589 - 75.701 
e000 - 76.0VU 
e013 - 76.0U4 
1.737 - 76.204 e814 - 76.149 
2.747 - 76.2C17 
3.816 - 76.188 
4.926 - 76.166 
6.064 - 76.155 
7.222 - 78.655 
8.394 - 78 .577  
9.575 - 78.497 
l0.76U - 78.417 
11.949 - 78.339 
13.140 - 78.262 
14.334 - 18.186 
15.532 - 78.110 
16.793 - 78.033 
17.93b - 77.957 
19.141 - 77.881 
20.349 - 77.804 
21.559 - 77.727 
22.772 - 77.649 
23.986 - 77.570 
25.202 - 77.491 
AF; 
- 74.795 - 73.187 
- 68.595 - 70.979 
- 68.549 
- 63.5V3 
- 60.962 - 58.423 - 55.887 - 53.352 
- 50.634 
- 47.835 - 45.044 - 42.260 - 39.482 - 3b.7U9 
- 33.940 
- 28.420 - 31.178 - 25.664 - 22.914 
- 66.038 
- 20.169 
- 14.687 - 1 7 . 4 ! 5  - 11.951 - 9.218 
Log K P  
INFINITE 
159.942 
77.558 
50.279 
49.935 
36.080 
21.756 
22.204 
18.240 
15.267 
11.065 
12.955 
9.504 
8.203 
6.163 
7.104 
5.348 
4.636 
4.008 
3.450 
2.952 
2.504 
2.099 
1.396 
1.731 
1.088 
e 8 0 6  
.545 
Dec. 31, 19601 Dec. 31, 19611 Dec. 31, 1962 
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A L U P I I N U M  NITRIDE (AlN) 
TABLE I. - Concluded. 
a; - -74.8 f 0.3 kcal .  mole-' 
Td - [2790*Kl 
(CRYSTAL) MOL. WT. - 40.99 
WT 298.15 = -76.0 0.3 kcal .  mole-' 
s ; ~ ~ . ~ ~  - 4.816 c a l .  de&-' mole-' 
Heat of Formation. 
The s e l e c t e d  h e a t  o f  f o m t i o n  l a  the  average  of two independent  calor imetr ic  determinat ions.  The h e a t  or 
formation wan r e p o r t e d  t o  b e  -76.5 2 0.2 kcal .  mole-' and -75.6 0.4  kcal. mole-'. The former  value was r e -  
por ted  by C. A. Neugebauer  and J. L. Margrave, 2. Anorg.  Allgem. Chem. =, 82 (1957).  The l a t e r  v a l u e  was r e -  
por ted  by A. D. Mah,  E. 0 .  King, W. W. Weller,  and A. v. Christensen. U. S. Bureau of Mines Report  of  Inveat i -  
g a t i o n s  5716  (1961). 
kca l .  mole-' for A ~ N ( C )  waa c a l c u l a t e d  from the   hea t  for t h e  r e a c t i o n  P A ~ N ( ~ )  - 2Al(g) + N2(g) and  the   hea t  
of sublimation. 78.0 kcal.  mole-', for Al(c) .  Thia  heat  of r e a c t i o n  was obtained from a t h i r d  law c a l c u l a t i o n  
us ing  JANAF va lues  fo r  t he  f r ee  ene rgy  func t ion8  and to r s ion  e f fus ion  p res su res  measured by D. L. Hildenbrand 
and L. P. Theard,  Aeronutronic  Technical  Report U-1497 (1961). Vapor pressure  measurements  with a microbalance 
i n  a vacuum syatem by L. H. Dreger, V.  V. Dadape, and J. L. Margrave, J. Phya. Chem. 66, 1556 (1962) agree with 
t h e   s e l e c t e d  W ;  298.15. men   r eca l cu la t ed   w i th   t he   aub l ima t ion   coe f f i c i en t  ( 0-2.2 X repor ted  by 
Hildenbrand and Theard, some of  the  Knudsen c e l l  measurementa by M .  Hoch and D. m i t e ,  "The Vaporization of Boron 
N i t r i d e  and Aluminum N i t r i d e , "  ASTIA Unclaaaified Report 142616. October 29, 1956,  agree with the selected heat  
of formstion. 
Vapor preaaure  measurements  agree  wi th  the  se lec ted  hea t  of formation. For i n s t a n c e  &If 298.15 = -75.5 
Earlier determinations of the heat of formstion which apparently are in error are summarized by C. A .  
Neugebauer  and J. L. Margrave ( loc .  c i r . )  and  by L. H. Dreger e t  a l .  ( l o c .  c i t . ) .  
Heat  Capaci ty  and Ehtrou.  
The heat capacity and entropy were reported by A. D. Mah e t  a l .  ( l o c .  c i t . ) .  They  measured t h e  low tem- 
p e r a t u r e  (51-298.15.K) and high temperature (298.15-1800°K) heat capacit ies and extrapolated the heat capacity 
from 0 t o  51.K us ing  the  T3 law. A amooth ex t r apo la t ion  o f  t he  hea t  capac i ty  was made from  1800° t o  3000°K. 
The heat  content  of  AlN(c)  waa recently determined from 300 t o  l2OOOK by R .  Mezaki, "Heat Contents of Inorganic 
Substances a t  High Temperatures," M .  S. Theaia.   University of  Wisconsin  (1961). The en tha lp i e s  r epor t ed  by 
Mezaki a re  about  1% grea te r  t han  those  of Mah e t   a l .  
Decomposition Data. 
P. 0. Schisse l  and  W. S. Williama,  Bull. Am. Phys.  SOC. 11, i, 139 (1959)  s tudied the vaporizat ion of  A 1 N  
wi th  the  mass spectrometer and detected only the gaseous apecies A 1  and N 2 .  The temperature a t  which t h e  AFT of 
AlN(c)  and  Al(g)  were  equal, 2788.9°K, waa taken a8 the temperature of decomposition. 
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TABLE I1 
Aluminum N i t r i d e  ( A I N )  
Ideal   Gas)  GFW 40.9882 
T, 'X 
100  
0 
200  
298  
300 
5 0 0  
6 0 0  
B O O  
100 
1 0 0 0  
1100 
1 2 0 0  
1300  
1 5 0 0  
1 6 0 0  
1 1 0 0  
1 8 0 0  
1900  
2000 
2100 
2 2 0 0  
2300 
2 5 0 0  
2 6 0 0  
2 1 0 0  
2 8 0 0  
2 9 0 0  
3000 
3 2 0 0  
3100  
3 3 0 0  
3500  
3600  
3700  
3000  
3900  
aoo 
9 0 0  
l o o 0  
zaoo 
3 4 0 0  
a o o o  
4 1 0 0  
4 2 0 0  
a a o o  
a 5 0 0  
a600  
4 1 0 0  
4 3 0 0  
4 8 0 0  
4 9 0 0  
5 0 0 0  
5 1 0 0  
5 2 0 0  
5 3 0 0  
5 4 0 0  
5 5 0 0  
5 6 0 0  
5 1 0 0  
5 8 0 0  
5 9 0 0  
6 0 0 0  
CP" 
, 0 0 0  
6 . 9 5 1  
1.019 
r.oaa 
1 .452  
1.338 
8 .134  
8 .341  
8 .517  
8 .500  
8 . 6 9 1  
8 . 1 6 3  
8 . 3 1 5  
8 .958  
8 .925  
8 .894  
0 .952  
8 .916  
4 .991  
9 . 0 1 1  
9 .052  
9.035 
9 .061  
9 .082  
9.096 
9 .110  
9 . 1 2 3  
9.135 
9.159 
9.111 
9 .182  
9 . 1 9 3  
9 .704  
9.215 
9.226 
9.236 
9 .241  
9 .251  
9 .261  
9 . 2 1 1  
9 .287  
9 .291  
9.307 
9 .311  
9.327 
9.336 
9 .346  
9.356 
9.365 
9.315 
9 .385  
9.394 
9 . 1 4 1  
9 .404  
9 .413  
9 .432  
0 . 4 2 3  
9 .441  
9.451 
9 .460  
9.410 
9.419 
42.840 
,000 
47.683 
5 0 . 5 7 3  
50.620 
52 .818  
56.601 
56.104 
57 .402  
5P.564 
58 .545  
60.484 
61 .322  
62 .091  
62 .801  
63 .462  
6 4 . 0 1 8  
64 .651  
65 .202  
65 .111  
66 .668  
66 .205  
67.110 
67 .533  
6 1 . 9 3 1  
60 .324  
60.696 
69.054 
rn .054  
60.399 
60 .732  
10 .365  
70.666 
10.958 
7 1 . 5 1 1  
11 .184  
11 .242  
1 2 . 0 4 5  
12 .545  
12.298 
12.186 
13 .021  
13 .251  
13.415 
13.908 
l n . 1 1 8  
1 4 . 3 2 3  
14.524 
l n . 9 1 5  
14.121 
13.694 
15 .104  
75 .412  
1 5 , 2 9 0  
1 5 . 6 5 2  
15.828 
7 6 . 0 0 1  
r 6 . 1 r 1  
76 .338  
16 .502  
76 .664  
76.823 
I N F I N I T E  
56.950 
50 .513  
51 .2az  
50.514 
51.444 
50.811 
52.099 
52.766 
5 4 . 0 4 5  
53 .018  
54.644 
55.214 
55 .155  
56.210 
5 6 . 1 6 0  
57.228 
51.614 
5 8 . 1 0 1  
58.510 
58 .902  
59.279 
59 .642  
59 .991  
60 .328  
60 .653  
60 .961  
6 1 . 2 7 1  
61.566 
62 .129  
6 1 . 8 5 2  
6 2 . 3 9 8  
62 .660  
62 .915  
63 .163  
6 3 . 6 4 0  
63 .405  
6 3 . 8 7 0  
6 4 . 0 9 5  
6 4 . 3 1 4  
6 4 . 5 2 8  
64.737 
64 .942  
65 .339  
6 5 . 1 4 3  
65 .531  
6 5 . 1 2 0  
66.086 
65 .905  
66.264 
66 .610  
66 .438  
66 .118  
6 6 , 9 4 4  
t.r.423 
61 .106  
61.266 
61 .578  
61 .130  
61.880 
68 .028  
68 .173  
- 2.106 - 1.411 - .112 
. o o o  
.014 
, 7 1 9  
1.511) 
2.403 
4 .102  
3.246 
4.967 
5.840 
6.119 
7 .603  
8.491 
9 . 3 8 2  
10.216 
11 .112  
12.011 
12.911 
14 .774  
13.814 
15.684 
11.501 
16 .592  
18.411 
19.323 
20.236 
21.150 
22.065 
22.982 
23.899 
24.816 
26.659 
21 .581  
25.730 
28 .504  
2 9 , 4 2 9  
30.353 
31.219 
32.207 
33.135 
34 .060  
34.994 
35.925 
36.858 
31.191 
38.125 
40.596 
39 .660  
41.533 
4 2 . 4 7 1  
4 3 . 4 1 0  
44.350 
45.291 
41 .115  
4 6 . 2 3 3  
48 .119  
50 .009  
50.956 
51 .903  
49.064 
A H P  
104 .266  
104 .024  
104.176 
104 .000  
103.996 
103 .631  
1 0 3 . 4 4 0  
103 .234  
103 .002  
102.726 
99 .819  
9 9 . 6 0 5  
9 9 . 3 2 9  
99 .053  
9 8 . 1 1 5  
90 .495  
98 .214  
91 .933  
97.651 
91 .368  
91 .084  
96 .800  
96.516 
96 .232  
9 5 . 6 6 3  
95.319 
95 .094  
2 5 . 3 1 9  
25.357 
25 .335  
2 5 . 2 9 3  
2 5 . 2 7 2  
2 5 . 2 5 2  
2 5 . 2 3 2  
2 5 . 2 1 2  
25 .191  
2 5 . 1 1 2  
2 5 . 1 5 1  
25 .131  
2 5 . 1 1 1  
25 .090  
25 .010  
1 0 3 . 8 1 4  
95 .948  
25 .400  
25.314 
25 .047  
25.026 
25 .002  
24 .911  
24 .952  
24 .925  
2 4  , 896  
24 .864  
24 .830  
24.195 
24 .155  
24 .112  
24 .668  
24 .617  
24 .563  
24 .505  
104 .024  I N F I N I T E  
102 .056  - 223.043 
99.853 - 109 .114  
9 1 ; 1 6 3  - 
91.124 - 
95 .661  - 
93.644 - 
91.664 - 
89.118 - 
81 .302  - 
85.919 - 
84.251 - 
81 .116  - 82.101 - 
19 .415  - 
78 .195  - 
1 6 . 1 3 5  - 
1 5 . 2 9 3  - 
13.068 - 
72 .462  - 
11 .010  - 
69.694 - 
68 .331  - 
66 .980  - 
65 .646  - 
64 .323  - 
63 .009  - 
6 1 . r 1 0  - 
6 0 . 4 1 9  - 
59.970 - 
61 .204  - 
62 .441  - 
64.916 - 63 .479  - 
66 .152  - 
67 .390  - 
63 .431  - 
69 .810  - 
1 2 . 3 5 1  
11.110 - 
1 4 . 8 3 3  - 13 .595  - 
16.01P - 
18 .561  - 
19 .506  - 
8 1 . 0 5 0  
82.296 - 
83 .538  - 
84 .185  - 
8 6 . 0 3 1  - 
o r . 2 8 0  - 
17.317 - 
88.526 - 
89 .115  - 
91 .019  
92 .211  - 
93 .519  - 
94.171 - 
91 .280  - 96 .023  - 
98 .531  - 
99.787 - 
11 .662  
r1 .192  
52.267 
40 .932  
33.389 
28 .011  
20 .864  
23.986 
1 8 . 4 1 3  
16.431 
13 .395  
la.r8a 
11.180 
12 .201  
10 .285  
8.198 
8 .115  
7.616 
1.111 
6.238 
5 .851  
5.508 
5 .181  
9 , 4 9 6  
6.654 
0.891 
0.681 
4 .612  
a .549 
4 . 4 8 9  
4 . 4 3 4  
4.301 
4 . 3 3 2  
a .  285  
4 ,200 
4 .242  
4 .161  
4 .124  
4 .089  
4 .055  
3.993 
3 .964  
3.936 
3.910 
3.885 
3 . 8 3 1  
3.860 
3.815 
3.194 
3 . 1 1 3  
3.153 
3 . 7 3 9  
3 .116  
3.699 
3.682 
3.666 
3.650 
3.635 
0 .023  
Dec. 31, 1960; Mar. 31, 1964; Mer. 31, 1967 
38 
ALUMINUM NITRIDE (AlN) 
TABLE 11. - Concluded. 
(IDEAL GAS) 
Ground s t a t e  C o n r i g u r a t i o n  [ ~ Z + I  
Sggee15 - [50.5731  gibbs/mOl 
GPY - 40.9882 
mr; - 104 f 20 k c a l h o l  
&ir;ge.15 - 104 20 kcal/mol 
E lec t ron ic  Leve la  and  Quantum Weights 
c i .  cm-I g1 - 
0 1 
w e  - [9301 cm-l w x - [6.91 cm-I 
Be - f0.67481 cm-l ae = [0.00641 cm-l e e  
0 - 1  
re - [1.65] A 
Heat of Formation. 
The h e a t  of format ion  is c a l c u l a t e d  from t h e  e s t i m a t e d  w e  and wexe, u s i n g  Do = we2/4wexe, a s  8 9  k c a l / m o l .  
J. L.oMargrave  and P. Staphi tanonda ,  J. Phys. Chem. E, 1231   (1955)   ea t ima ted   va lueLof   t he   bond   l eng th   a s   1 .23  - 
1.65  A a n d  c a l c u l a t e d  Prom a n  i o n i c  model Do v a l u e s  of 137 - 8 2  k c a l h o l .  U s i n g  a n  e s t i m a t e d  bond l e n g t h  of 1.65  A 
and a Do = 8 7  k c a l h o l   l e a d s   t o  = 1 0 4   k c a l h o l .  
Heat Capacity and Entropy. 
The  bond l e n g t h  is e s t i m a t e d  a s  1 . 6 5  A from a comparison  wlth  the bond l eng ths  o f  SO,  PO, SlO, A 1 0 ,  MgO, S2, 
SiS,  AlS, PN, SlN,  and   t he  sums of c o v a l e n t  r a d i i .  This bond l e n g t h  is then  used  wlth  Cuggenheimer 's   Relat ion 
[K. M. Guggenhelmer,  Proc.  Phys.  SOC.  (London), E, 456 ( 1 9 4 6 ) l   t o   c a l c u l a t e  a v a l u e   f o r  w e .  By ana logy   w i th  SlN(g)  
i t  is t aken   to   c lose ly   approach   the   mul t ip le   bonding   case ,   which   g ives  w e  = 960 ern-'. The   anharmonic i ty   cor rec t ion  
xe is c a l c u l a t e d  b y  a s s u m i n g  t h e  p r o d u c t  x e r 1 / 2  e q u a l  t o  t h a t  f o r  AlO(g).  The  value or ae 1s c a l c u l a t e d  u s i n g  t h e  
r e l a t i o n :  
ae = 6[(~exeBe3)1'2-Be21/~e 
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TABLE 111 
Alumi num ( A I  1 
Re fe rence  S t a t e )  
r-cal. moIe"deg."-"----\ /-.kcal. mole"-, 
T, 'K. C; 
0 
100  3 .116 
.000 
200  5.158
298  5.820 
300  5.826 
400  6.124 
500 6.402 
600  6.716
700  7.012 
800  7.318 
9 0 0  7.636 
1 0 0 0  7.000 
1 1 0 0  
1 2 0 0  
1300 
1 4 0 0  
1500 
1 6 0 0  
1 7 0 0  
1800 
2 0 0 0  
1 9 0 0  
2 1 0 0  
2 2 0 0  
2300  
2 4 0 0  
2 5 0 0  
2 6 0 0  
2 7 0 0  
2 8 0 0  
7.000 
7.000 
7.0PO 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
7.000 
4.970 
2 9 0 0  4.971 
3000 4.971 
3100  4.971 
3200  4.972 
3300  4.973 
3 4 0 0  4.975 
3 5 0 0  4.977 
3600 4.979 
3700  4.982 
3 8 0 0  4.986 
4 0 0 0  4.996 
3900  4.991 
4 1 0 0  5.002 
4 2 0 0  5.010 
4 3 0 0  5.019 
4 4 0 0  5.029 
4 5 0 0  5.041 
4 7 0 0  5.071 
4 6 0 0  5.055 
4 9 0 0  5.108 
4 8 0 0  5.O8R 
5000 5.130 
5100  5.154 
5300  5.211 
5200  5.181 
5400  5.244 
5500  5.280 
5700 3.361 
5600  5.319 
5900  5.456 
5800  5.406 
6 0 0 0  5.508 
-000 INF IN . ITE  - 1.094 
4.572 7.300 - - 5 4 6  1.650  1 .529 - - 9 8 8  
6.769  6.769 ,000 
6.805 6.769 
8.522  7.001 
,311 
9.919  7.449 
e608 
1.235 
11.114  7.963  1.891 
12.172  0.490  2.578 
13.128  9.011 
14.008  9.518  4.041 
3.294 
17.506  10.192  7.313 
18.173 
18.782 
19.342 
19.861 
20.344 
20.796 
21.220 
21.bZC 
21.999 
22.358 
23.025 
22.699 
23.336 
23.634 
23.920 
24.194 
24.458 
50.501 
50.675 
50.844 
51.007 
51.165 
51.318 
51.610 
51.466 
51.751 
51.887 
52.020 
52.150 
52.276 
52.399 
52.520 
52.638 
52.753 
52.867 
52.978 
53.086 
53.299 
53.193 
53.402 
51.504 
53.604 
53.703 
53.R01 
53.897 
54.087 
53.993 
54.181 
54.274 
54.366 
10.R88 
12.101 
11.521 
12.637 
13.135 
14.336 
13.693 
14.446 
14.834 
15.201 
15.883 
15.550 
16.200 
16.503 
16.794 
17.074 
17.342 
19.191 
19.308 
20.357 
21.343 
22.272 
23.150 
23.981 
24.768 
25.516 
26.227 
26.904 
28.166 
27.549 
29.755 
29.320 
29.861 
30.878 
30.390 
31.819 
31.357 
32.263 
32.691 
33.104 
33.503 
33.889 
34.262 
34.623 
34.972 
35.640 
35.311 
35.958 
36.268 
36.569 
9.313 
8.713 
9.413 
10.913 
10.113 
11.513 
12.213 
13.613 
12.913 
14.313 
15.013 
15.713 
16.413 
17.813 
17.113 
18.513 
90.467 
19.213 
90.964 
91.461 
91.958 
92.456 
92.953 
93.450 
93.948 
94.446 
94.944 
95.442 
95.941 
06.440 
96.940 
97.441 
97.942 
98.445 
95.948 
99.959 
99.453 
1CC.467 
100.977 
101.489 
10:.003 
102.520 
1C3.C39 
103.562 
104.088 
105.152 
104.618 
105.690 
106.233 
106.782 
A H ;  
.000 
,000 
.000 
,000 
.000 . 000 .000 
.000 
.000 
.000 
" ,000 
.000 
.000 
,000 
.003 
.000 
.000 
.000 
,000 
.OCO 
.000 
,000 
.000 
.000 
.000 
.000 
,300 
.PO0 
,000 
,000 
.000 
,000 
.000 
.000 
.000 
.000 
.000 
.000 
,000 
.a00 
,000 
.000 
.000 
,000 
.000 
.000 
,300 
.000 
,000 
.ooo 
,090 
.000 
.030 
.000 
.000 
.OO3 
.ooo 
,000 
.000 
.000 
.000 
,000 
RJTERIM TABLE Issued December 31. 1960. 
AF; 
.000 
.000 
.000 
.000 
. o m  
.000 
.000 
.ooo 
.ooo 
.000 
.000 
.000 
.000 
,000 
.000 
,000 
.ooo 
.000 
.000 
.000 
.ooo 
.ooo 
.000 
.ooo 
.ooo 
,000 
.000 
.ooo 
,000 
,000 
.000 
.ooo 
.ooo 
.000 
,000 
.000 
.000 
.ooo 
.000 
.ooo 
.ooo 
~" 
-. 0 0 0  
. o m  
.000 
.OCO 
.000 
.OUO 
.ooo 
.ooo 
.CCC 
.OCC 
.DO0 
. ocia 
.000 
.ooo 
.OCO 
.000 
.ooo 
.ooo 
.000 
.ooo 
.300 
.030 
.000 
.OOO 
.300 
.03C 
.000 
.030 
.030 
.000 
.000 
,000 
.000 
.000 
.030 
.COO 
.COO 
.000 
.000 
,000 
.OOC 
.030 
.000 
.000 
.000 
.000 
.0d0 
.OJO 
.OD@ 
.003 
.003 
.030 
.ooo 
.000 
,000 
.OCO 
.OCO 
.OCO 
.000 
.ooo 
.000 
.OCO 
.oco 
.0"0 
.oco 
,009 
.oco 
,000 
.000 
.03G 
.050 
.003 
.033 
.d03 
.000 
.OCO 
.ooo 
.ooo 
.n00 
.n00 
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TABLE 111. - Concluded. 
Aluminum ( A 1  ) (Reference  State) 
O O K o  t o  9 3 2 O K .  Sol id 
932'K. t o  2736OK. Liquid 
2 7 3 6 O K .  t o  6 0 0 O 0 K o  Ideal Gas 
Monatomic 
For d e t a i l s  see sol id,  l iquid and Ideal gas sheets. 
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TABLE I V  - X-ray Diffract ion Analysis of the Rcsid.uc Resulting 
from the Reaction of thc Tungsten Filament and the 
Aluminum Ni t r ide  Charqc 
cu K4 Radiation, Kickel F i l te r  
Filament - Tungsten 
A l N  Run #19 
d (i) - 2 8  In t ens i ty  
2.27 3 9 . 5 3 'Teak 
2.24 40.26 Very ,Strong 
1.75 52.24 Very :ikak 
1.53 56.27 Strong 
1.35 69.6  Ve r y Vs a k 
1.29 73.20 .Strong 
In te rpre t? t ion  
3 
Tungsten 
3 
Tungsten 
AIN 
Tungsten 
Table 'V - X-ray Diffraction Analysis of the Rasidue Resulting 
from the Reaction of the Rhenium Filament and the 
Aluminum Ni t r ide  Specimen 
Cu K d  Radiation, Nickel Fi l ter  
A 1 N  Run ?17 
Filament - Rhenium 
2.70 33 ,15 Wry %ak 
2.37 37 . 93 vsry 'mak 
2.226 4.9.49 'Very s t rong 
2 .lo5 42.93 w r y  '..Teak 
- Lntzrprctation 
A 1 N  
A. 1N 
Rhenium 
Rhenium 
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TABLE V I  - Analysis of Aluminurn Nitr ide Heated on a Graphite 
Tilament . .. 
cu I(0C Radiation, Nickel Fi l ter  
A 1 N  Run R6 
Filament - Graphite 
2.73 
2 .49  
2.37 
1 .G3  
1 . 5 6  
1.41 
1 . 3 5  
1.32 
1.30  
33.15 
36 .04  
37.93 
49.78 
59.18 
66.22 
69.6 
71.40 
72  .67 
In t ens i ty  
Very Strong 
Very Strong 
Very Strong 
Strong 
Strong 
Strong 
i ~ e  ak
3 trong 
-7e a k 
In te rpre ta t ion  
A 1 N  
A 1M 
A1N 
A1N 
A1N 
A 1 N  
A ~ N  
A 1N 
Aln 
TABLE V I I -  :':-ray Diffraction Analysis of Aluminum N i t r i d e  
Heated i n  a Tubular Graphite Filament 
Cu K d  Radiation, Nickel F i l t e r  
Filament - Graphite 
3.37 26.42 
2 .70  33 .15  
2 . 4 9  36.04 
2.37  37.93 
1.83  49.7P 
1 . 5 6  59.18 
1.41 56.22 
1.35  69.60 
1 .32  71.40 
1.30 72.67 
very Veak 
'Jery 3trong 
rrsry Cjtrong 
very Strong 
S t  ronq 
Strong 
4trong 
"leak 
l t r o n g  
.-Teak 
In t e rp re t a t ion  
Graphite 
A1N 
A1N 
A 1 N  
A1N 
A 1 N  
A1N 
A 1 N  
A1N 
A1N 
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! TABLZ V I L I -  X-ray Diffraction Analysis of Aluminum N i t r i d e  
Hsated i n  a Tubular Graphite .Filament 
Cu KK Radiation, Nickel Fil ter 
A1M Run ::14 
Filament - Graphite 
d 6 )  - 2 0  I n t a n s i t y  In te rpre ta t ion  
3.37 
2.70 
2.49 
2.37 
1 .E3 
1.56 
1.41 
1.35 
1.32 
1.30  
26.42 
33.15 
36.04 
37.93 
49A73 
59.18 
66.22 
G9.6 
71.40 
72.67 
Very ’Teak 
Very :3 trong 
Vsxy Strong 
Very Strong 
Very Strong 
Strong 
8 trong 
;iG ak 
Strong 
Weak 
Graphite 
A 1M 
A1N 
A1N 
A1N 
A 1M 
A1N 
A1N 
A IN 
A 1N 
TABLE IX - X-ray Diffraction Analysis of Aluminum Nitr ide 
Meltcd in a Tubuls r  Graphite Filament 
Cu K N  Radiation, Nickel Fil ter 
A1N Run $:23 
Filamsnt - Graphite 
d 6 )  
3.37 
2 .E0 
2.70 
2.49 
2.37 
2.23 
1.83 
1.56 
1.41 
1.35 
1.32 
1.30 
2 8  - 
26.42 
31.93 
33.15 
16.94 
37.93 
40.41 
49.78 
59.18 
66.22 
69.6 
71.40 
72.67 
Intensity 
Ve ry  ‘5 t rong 
Vts r y :‘.!e ak 
3 trong 
Strong 
8 t r o n 3  
Ve r y $73 ak 
,,? trong 
.3 trong 
St rong  
V2ry Weak 
Strong 
?To alc 
In te rpre ta t ion  
Graphite 
P I .  c 
A l $  
A1N and/or 
AlN A14C3 
A 1  c3 
A 1 3  
F 1 N  
A1N 
A1N 
F lb?  
A l i lJ  
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TABLE X - X-ray Dif f rac t ion  Analysis of Aluminum Nitr ide 
EeLted i n  a .Tubular Graphite Filament 
C u K d  Radiation,  Nickel  Fil ter 
A1N Run ?:21 
Filament - Graphite 
d (i) I 2 8  I n t e n s i t y  Interpretation 
3.37 
2 . 7 0  
2.49 
2.37 
2.036 
1 .P3 
1.632 
1.56 
1.41 
1.35 
1.32 
1.30 
26.42 
33.15 
36.04 
37.93 
44.46 
49.78 
54.51 
59.18 
66.22 
69.6 
71.40 
72.67 
Very Strong 
Strong 
Strong 
Strong 
very Weak 
weak 
Weak 
Strong 
3 trong 
Very Weak 
We a  k 
Very ‘??e ak 
Graphite 
A1N 
A I N  
A 1 N  
Graphite 
Graphite 
A1N 
A 1 N  
A 1 N  
AlN 
A 1 N  
A 1 N  
TABLE X I -  X-ray Diffraction Analysis 03 Cerac Grade 1454 
Aluminum Nitr ide EE*der 
d 6 )  ” 20 -_”. I n t e n s i t x  Interpretat ion 
2.70 33.15 
2.49 36.04 
2.37 37.33 
1.83 4.9.78 
1 .56  59.18 
1.41 66.22 
1.35 59.6 
1.32 71.40 
1.30 72.67 
NASA-Langley, 1968 - 17 
I 
Very .Z%rong 
;e ry S t?:qnT 
;!e r y  S t r o ~ g  
;Strong 
Strong 
St;.-ong 
Weak 
Strong 
Weak 
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